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The Separation of m- and p-Cresols from Coal-Tar Crude 
Carbolic Acid' 
By Arthur Fred Campbell 
DYSERTH, ALKRINGTON, MIDDLETON, MANCHESTER, ENGLAND 
A method is described for  the separation of practically pure 
m-  and p-cresols f rom coal-tar crude carbolic acid. 
A preliminary separafion of the 59 to 60 per cent m-cresol product 
may be obtained by the comparative difference in the rafes of suljo- 
nation of the two cresols at a low temperature. The most favorable 
condifions are preferential sulfonation a f  40" C. wifh  96 per cent 
sulfuric acid for  6 hrs. The exfracfed aqueous sulfonic acid liquor 
yields an  approximately 80 per cent m-cresol product. 
A 98 to 100 per cent m-cresol is obtained on conversion of the 
extracted aqueous sulfonate of mono-sulfonic acids into their am- 
monium salts and crystallization of the latter. 
An 88 to 90 per cent p-cresol is obtained by a second preferential 
sulfonation of the abode-extracted nonsulfonated cresols, and re- 
covery and purification of the residual nonsulfonated p-cresol 
product. 
HE object of this paper is to describe a method for 
the separation of practically pure m- and p-cresols T from the crude carbolic acid obtained by the usual 
works practice in the coal-tar industry. 
The crude carbolic acid separated during the distillation 
and working up of coal tar contains varying amounts of 
phenol and cresols, largely dependent upon the kind of tar, 
its source, and the method of distillation. 
In the absence of any great demand for pure cresol prod- 
ucts, commercial fractionation is usually limited to the 
production of: 
I-Distillates rich in phenol, from which carbolic acid crystals 
may be obtained by crystallization. 
%Fractions of high boiling point, containing little phenol 
and consisting largely of the three cresols. 
In inany cases the latter fraction also contains varying 
proportions of the xylenols. 
The usual products manufactured by the tar distiller, 
who does not proceed to the further separation and puri- 
fication of phenol and the cresols, are the various grades of 
carbolic and cresylic acids. These products may be obtained 
either by the fractional washing of the crude tar oils with 
caustic soda or by the fractional distillation of the mixture 
of phenol, cresols, and xylenols recovered in one stage by 
treatment with caustic soda. 
Although homologous substances may, in general, be sep- 
arated by fract>ional distillation, the method is not so widely 
appIicabIe to the separation of isomerides. It is possible, 
however, on the basis of the boiling-point differences, to 
separate by fractionation the complex crude carbolic acid 
into fractions which consist for the most part of (1) phenol, 
(2) o-cresol, (3) m- and p-cresols, and (4) xylenols and other 
complex phenols. 
Since m- and p-cresols are isomerides, the differences in 
their physical properties will be very small. By taking 
advantage of differences in their chemical behavior, how- 
ever, it  is possible to separate, in a pure state, the third 
fraction into the two isomers, m- and p-cresol. 
Many methods for the separation have been published. 
* 
1 Received Decembet 24, 1921. 
The more important of these references are listed below.2 
The following summary shows the differences given by 
the various authors for the physical properties of phenol 
and the three cresols: 
-- Cresol---- - 
Phenol Ortho Meta Para 
Fox AND BARKER [ J .  SOC. Chem. I&., 36 (1917), 842; 37 (1918). 2691'1 
Boiling point O C.. ., , . . . , . . . . . 
Freezing poin't O C.. . . . . . . , . . . . 
Specific gravit; 15 5 O  C .. . . , , . . 
Refractive inde;. n; a t  40' C , . . . -  
DAWSON AND MOUNTBORD ~~ 
Freezing point C. .  . . . . . . . . . . . 
Speci6c gravit; 25'/4O.. . , . . , . . 
Viscosity, n, 25b C.. .. . . . . . . . . . 
182.2 191.8 202.1 202.5' 
40.5 30.1 . . . .  36.0 . . . 1.0516 1.0387 1.0388 ... 1.53719 1.53322 1.53187 
[ J .  Chem. SOC., 113 (1918), 9371 
41.0 30.45 10.0 34.15 
1.0710 1.0415 1.0295 1.0295 
0.0883 0.0762 0.1240 0.1413 
SIDGWICK, SPURRELT, AND DAVIES [I. Chem. SOC.,  107 (1915), 12021 
Solubility in Hz0 a t  20° C., per 
cent. ............... . . .. . . .. . 8.5 2.8 2.3 2.0 
At the time of this research the methods published for 
the estimation of phenol and the three cresols were very 
unsatisfactory, and were practically adaptable only to the 
individual pure products and not to the complex mixtures 
under consideration in this paper. Those published for 
phenol were assigned chiefly to serve as an examination of 
pharmaceutical phenol, and with a mixture of the three 
cresols it was possible to estimate only m-cresol with any 
degree of accuracy. A considerable number of original 
papers on the estimation of phenol and the three cresols 
have since been published.3 
Upon investigation of the. published methods for the 
separation of m- and p-cresol it is apparent that the most 
satisfactory and economical separation of the two isomers 
in a pure state is by a sulfonation method. If m- and p-  
cresols have under certain definite conditions widely different 
rates of sulfonation it will be possible to obtain a partial 
separation. 
It was therefore considered desirable to determine the 
possibilities of a method based on a preferential sulfonation 
of the crude m-p-cresol product, and at  the same time to 
eliminate, if possible, the recovery from the sulfonic acids 
of an unsatisfactory and only partly purified cresol product. 
If the sulfonate from a preferential sulfonation is utilized, 
without decomposition of the sulfonic acids with steam and 
recovery of the cresols in the usual manner, it will be an 
additional advantage to sulfonate under such conditions 
* Riehm, D. R. P. 53,307 (1889); Byk, D. R. P. 100,418; Rud Riitgers, 
D. R. P. 137,584, 141,421; Fr. Patent 317,612, Brit. Patent 286 (1902); 
Vidal, Fr. Patent 315,695 (1901); Chem. Fabr. Ladenburg, D. R.  P. 
148,703; Brit. Patent 1881 (1904); Schulze and Ladenburg, D. R.  P. 152,652; 
Bayer & Co., D. R. P. 156,761, 187,616, Btit. Patent 9953 (1904), Raschig, 
D. R. P. 112,545, U. S. Patent 655:117; Brit. Patent 18,334 (1899); Raschig, 
D. R.  P. 114,975; U. S. Patent 666,263, Brit. Patent 25,269 (1899); Hoff- 
mann-Laroche & Co., Fr. Patent 434,534 (1911); Brit. Patent 25,166 (1911); 
Fr. Patent 434,643 (1912); U. S. Patents 1,025,615, 1,025,616; Brit. Patents 
2458 (1912), 3923 (1912); Schblke and Mayr, D. R. P. 268,780 (1911); 
Terrisse, Fr. Patent 444,187 (1912), D. R. P. 267,210, Terrisse, Fr. Patent  
463,221 (1913); D. R.  P. 281,054, Darzens, Brit. Patent 107,961 (1916); 
Downs and Potter, U. S Patent 1,364,547. 
8 Masse and Leroux, Comgt. rend., 163 (19161, 361; Weiss and Downs, 
THIS JOURNAG, 9 (1917), 569, Skirrow, I b i d . ,  9 (19171, 1102; Knight, Lin- 
coln, Formanck, and Follett, Ib id . ,  10 (1918), 9; Fox and Balker, J .  SOC. 
Chem. I n d . ,  36 (1917), 842, 37 (1918), 2651'; Sharples, Ibid. ,  37 (1918), 
109T; Kendall and Beaver, J. Am. Chem. Soc., 43 (1921), 1853. 
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that only monosulfonic acids are formed, thus avoiding 
difficulties in crystallization due to complex solubility curves. 
The results of the preferential sulfonation experiments 
show that a fairly satisfactory preliminary separation of 
the crude m-p-cresol may be obtained by sulfonation a t  a 
temperature of 30" to 40" C .  with 96 per cent sulfuric acid 
for 6 hrs. After the extraction of the nonsulfonated cresols, 
an aqueous solution of the monosulfonic acids of m- and 
p-cresol is obtained, with the m-cresol content varying from 
70 to 80 per cent according to the composition of the 
crude material. 
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FIG. 1 
By the preferential sulfonation of an approximately 60 
per cent m-cresol product, followed by conversion of the ex- 
tracted aqueous solution of the monosulfonic acids into the 
ammonium salts, and crystallization of the latter a t  a known 
concentration, a 98 to 100 per cent m-cresol product may 
be obtained. A product containing 87 per cent m-cresol is 
similarly obtained from a crude 50 per cent m-cresol. 
It follows from the method outlined for the separation 
of m-cresol, together with the fact that p-cresoI is sulfonated 
a t  only approximately one-third the rate of m-cresol under 
the specified conditions, that the greater part of the p-cresol 
is contained in the nonsulfonated cresols recovered from the 
m-cresolsulfonate. Although the nonsulfonated material, 
containing p-cresol equivalent to 80 to 85 per cent of the 
amount in the crude GO per cent meta product, is an excel- 
lent basis for the separation of para, it is not a mixture of 
pure m- and p-cresols but contains a small percentage of 
o-cresol and certain of the xylenols. 
Since the comparative speed of sulfonation of o-cresol is, 
under the chosen conditions, only 0.60 times that of m-cresol, 
the small amount of o-cresol will be accumulative in the non- 
sulfonated cresols. Similarly, m-cresol is sulfonated a t  3.02 
times and 1.260 times the rate of pure asymmetric m-xylenol 
(OH : CH3 : CH3 = 1 : 2 : 4) and pure p-xylenol (OH : 
CH3 : CH, = 1 : 2 : 5 ) ,  respectively, and these products 
will also be accumulative. The xylcnols are of special interest 
since they occur in the coal-tar fractions allied to the more 
important cresol fractions. 
The small percentage of hydrocarbons in the GO per cent 
m-cresol product remains practically unchanged and will 
also accumulate in the nonsulfonated cresol product. 
A high percentage p-cresol may, however, be obtained by 
the resulfonation of the nonsulfonated cresol product with 
the requisite quantity of sulfuric acid. The second non- 
sulfonated cresol product yields, on removal of the hydro- 
carbons and further purification by freezing and draining 
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The crude m-p-cresol product used in this research 
was obtained by the fractional distillation of crude carbolic 
acid, consisting of phenol, 0-, m-, and p-cresols, and the mixed 
xylenols, as produced in the usual works practice. 
The dehydrated crude carbolic acid with: a phenol content 
of 17 to 18 per cent gave the following distillation points 
when distilled from a Wurtz flask: 
First drop 
10 per cent 
20 
30 
40 _ _  
60 
60 
70 
80 
1910 c. 
194 
195.5 
198 
200 -._ 
201 
203.5 
211.5 
219 
90 246 
292 
1053 Sp. gr. 6Oo/6O0 
Dry 
The results of the distillation, made with an efficient frac- 
tionation column packed with small metal rings, are shown 
in Figs. 1 and 2, where the percentage distillate and per- 
centage m-cresol in distillate, respectively, are plotted against 
the temperature in O C., corrected for barometric pressure 
and emergent stem of thermometer, read a t  the still-head. 
The author desires to express a t  this point his appreciation 
to H. S. Land and J. H. Roebuck for assistance in the experi- 
mental part of this paper. 
PREFERENTIAL SULFONATION O F  "L- AND p-CRESOLS 
The author has been unable to find any published work 
showing the comparative difference in the rates of sulfona- 
tion of the cresols. 
The influence of the introduction of the methyl group 
into the phenol molecule and the effect of temperature on 
the speed of sulfonation of phenols is shown in a paper 
published independently.4 
It is well known that reaction speeds are extremely sensible 
to and readily influenced by variation in temperature. h 
series of experiments were carried out under various condi- 
tions to determine whether m- and p-cresols have different 
velocities of sulfonation and, if so, the conditions which give 
the widest degree of preferential sulfonation. A quantity 
of sulfuric acid less than is necessary for complete sulfonation 
will have to be employed to effect a Separation. The time 
of sulfonation will influence the amount sulfonated. 
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The crude 59 to GO per cent m-cresol product, used in the 
majority of the experiments, gave the following points (page 
734) when distilled from a Wurtz flask fitted with the bulb 
of the thermometer on a level with the exit tube, a t  the uni- 
form rate of GO drops per min. 
The sulfuric acid was gradually added to  the m-p-cresol 
product over a period of 10 min. During the addition of 
4 J . C h e m .  Soc., 121 (1922), 547. under vacuo, an 88 to-90 per cent p-cresol. 
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the acid the sulfonation mass was maintained, by cooling 
or heating, at  approximately 1" C. below the desired sul- 
fonation temperature. 
The corked flasks were suspended in a water bath with 
the body of the flask completely immersed. The tempera- 
ture of the bath was regulated by a thermostat and main- 
tained to within * 0.5" C. of the desired temperature 
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FIG. 3 
for 6 hrs. The sulfonation mass was poured into water, 
the nonsulfonated cresols extracted with pure benzene, 
the combined benzene extracts washed once with water, 
and the benzene removed by distillation with a Young's 
4-bulb pear column to 160" C. By repeating the distilla- 
tion three times to 160" C. the residual cresols contained 
only an infinitesimal amount of benzene. 
The weighed extract of nonsulfonated cresols was esti- 
mated for m-cresol by Raschigs' method5 and the necessary 
figures calculated for the nonsulfonated and the sulfonated 
cresols. 
The most important data obtained from a considerable 
number of experiments using 59 to 60 per cent m-cresol and 
varying amounts of different strengths of sulfuric acid may 
be summarized as follows: 
The weights of different strengths of sulfuric acid neces- 
sary to yield a sulfonate of approximately the same composi- 
tion showed that with acid of less than 96 per cent the amount 
originally taken was in excess and out of all proportion to 
the amount actually used in the sulfonation. 
The m-p-cresol product does not form a homogeneous 
solution with sulfuric acid of less than 88 per cent, and it is 
necessary to agitate the mass during the whole period of 
reaction. Homogeneous solutions are formed with acid of 
a higher concentration and, after the addition of the acid, 
agitation is unnecessary. The reaction mass is simply main- 
tained a t  the desired temperature for the required period. 
The results obtained with different amounts of 96 per 
cent sulfuric acid and 100 g. of the m-p-cresol product are 
6 2. angew. Chcm., 14 (1900), 759. 
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diagrammatically represented in Figs. 3 and 4, where the 
percentage of m-cresol in the sulfonated product is plotted 
against the temperature of sulfonation and the weight of 
sulfuric acid, respectively. 
The results show that a t  low temperatures there is a de- 
cided difference in the comparative rates of sulfonation and 
that m-cresol is sulfonated a t  a much faster rate than p-cresol. 
Thus a t  20' C., under exactly the same conditions, m-cresol 
is sulfonated a t  almost five times the rate of p-cresol. As 
the temperature increases the difference in the comparative 
rate of sulfonation diminishes, until a point is reached when 
the two isomers are sulfonated a t  practically the same rate. 
The percentage of m-cresol in sulfonate, with unit time, 
decreases with increase of weight of 96 per cent acid, and also 
with increase of temperature. 
Although the sulfonate with the highest percentage of 
meta compound is obtained a t  comparatively low tempera- 
tures, the most satisfactory results, considered from all 
points of view, are probably those obtained at  40" C. 
By taking into consideration (1) the desirability of main- 
taining a minimum of 70 per cent and 80 per cent m-cresol- 
sulfonate from a crude 50 and 60 per cent meta product, 
respectively; (2) the highest yield of sulfonated cresols 
compatible with the 70 or 80 per cent m-sulfonate; (3) the 
percentage of original meta compound contained in the sul- 
fonate; and (4) the weight of sulfuric acid necessary to ob- 
tain this product, the tabulated results show that although 
the 30" sulfonate contains a slightly higher percentage meta 
than the 40" sulfonate, the weight sulfonated and the amount 
of the original meta contained in the sulfonate are consider- 
ably higher a t  40" than a t  30". 
The results obtained with 50/51 per cent and 59/60 per 
cent m-cresol, using the same weight of acid in each case, 
(37.5 g. of 96 per cent per 100 g. of crude cresol) for 6 hrs. 
a t  30" and 40" C. , respectively, are summarized in the follow- 
ing table: 
Crude product, per cent m-cresol.. . . 
Temperature, 'C ................. 30' 40' 30' 40°  
Per cent cresol sulfonated.. . . . . . . . . , 2 2 . 8  31.8 2 8 . 0  3 6 . 8  
Per cent m-cresol in sulfonate . . . . . . 73 3 70 .1  8 3 . 6  8 2 . 2  
Per cent total m-cresol in sulfonate . 3 5 . 3  47 .1  4 0 . 0  30 .3  
50 to  51 59 t o  GO 
The sulfonate, a t  a'temperature higher than 40' C., has 
a correspondingly lower percentage of m-cresol and, as such, 
is not a suitable basis for the separation of pure m-cresol by 
the method described below. 
Approximately 30 per cent more by weight of 96 per cent 
sulfuric acid is required at  30" than a t  40" C. to yield in unit 
time a sulfonate of similar percentage composition and con- 
taining the same amount of original m-cresol. 
At 40" C., m-cresol is sulfonated at  *proximately three 
times the rate of p-cresol. 
The results summarized below show that by sulfonation 
for 6 hrs. at  40" C., acids of a higher concentration than 
96 per cent, with the same weight of actual sulfuric acid in 
each case, give a sulfonated product with practically the 
same percentage of m-cresol and equivalent to the same 
total m-cresol. 
HaSOc so3 so3 
Strength of acid, per cent,  . . . . . . . . . 96 . O  100.0 5 . 0  10.0 
Per cent cresols sullonated . . . . . . . . . 35.8  3 5 . 0  36.0 36 .0  
Per cent m-cresol in sulfonate.. , . . . . 82.20  83.57 81.25 82.00 
Per cent total m-cresol in sulfonate. . 50.30  49 .83  49 .83  90.30 
It will be seen elsewhere that for any given temperature 
the velocity of sulfonation is independent of either the amount 
or strength of acid used in the sulfonation. 
Thus the most satisfactory and favorable conditions for 
a preliminary separation of m- and p-cresols by preferential 
sulfonation may be summarized: (1) the crude product must 
be essentially a mixture of m- and p cresol, contain no phenol, 
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and only a small percentage of either o-cresol or the xylenols; 1 Meta Para 
Barium 100 100 (2) the sulfonation must be carried out a t  a low temperature, Calcium 135 170 
Sodium 118 250 
ably 96 per cent and less than the theoretical amount neces- m : p  p : m  
Barium 100 : 60 100 : 166 
100 : 132 Calcium 100 : 76 allowed to continue for 6 hrs. Sodium 100 : 127 100 : 78 
Ammonium 100 : 177 100 : 57 
preferably a t  40" C.; (3) concentrated sulfuric acid, prefer- Ammonium 162 475 
(2) and (3) 
sary for complete sulfonation; and (4) the sulfonation is 
It will be seen below that only monosulfonic acids are 
formed under these conditions. 
735 
META-CRESOL 
Under the above conditions of sulfonation an aqueous 
solution of the monosulfonic acids of m- and p-cresol, with a 
70 to 80 per cent meta content varying proportionately to 
the 50 to 60 per cent meta content in the crude m-p-cresol 
product, may be obtained after extraction of the nonsul- 
fonated cresols. 
If it is desired, a t  this stage of the purification, to recover 
the high percentage m-cresol product from the aqueous 
sulfonic acid solution, this may be conveniently and readily -. 
effected by adding the sulfonation mass to a quantity of water 
which, after extraction to remove the nonsulfonated cresols, $ 
F merely requires heating to the boiling point (130" C.) to ob- tain an almost theoretical decomposition of the sulfonic 
acids. The extracted aqueous liquor a t  this concentration 8. 
x" 
2 65 
$ 
2 '* 
2 
Q 
75 
is equivalent to 60 per cent sulfuric acid. 
With a view, however, to the utilization of this aqueous 
liquor without decomposition of the sulfonic acids, the soh- 
bilities of the calcium, barium, sodium, and ammonium salts 
of the m- and p-cresolmonosulfonic acids in water a t  20" C. 
were determined. These particular salts were chosen in 60 
preference to others since they were the most readily adapt- 18 19 20 2/ 22 23 24 25 
able to commercial practice. 
For this purpose 50 g. of the purified cresol were sulfonated 
with an equal weight of 96 per cent sulfuric acid for 6 hrs. 
Weiqhf of 96 Percent &SO4 
FIG. 4 
at 40' C.- The extracted aqueous solution of the mono- 
sulfonic acids was converted into the barium salts, and aliauot The determinations show: 
portions of the solution of the barium salt, free from carboAate 
and sulfate of barium, were converted into the sodium and 
ammonium salts in the usual manner. The calcium salts 
were prepared through the ammonium salts in order to obtain 
$he salt free from calcium sulfate. 
The solubilities are given in g. of anhydrous salt Per 100 
g. of water at 20" C. 
1-The alkali salts of the monosulfonic acids of p-cresol are 
2-The reverse is the case with the alkaline earth salts, and 
the salts of the monosuifonic acid of m-cresol are more soluble 
than the corresponding salts of p-cresol. 
3-The barium salts of either monosulfonic acid are the least 
soluble, while the ammonium salts are the most soluble. 
soluble than the corresponding salts of 
Meta 
Barium 6.68 
Calcium 9.03' 
Sodium 7.91 
Ammonium 10.84 
Para 
4.03 
6.84 
10.10 
19.17 
The amount of barium in the barium salts of the above 
m- and p-cresolsulfonic acids was estimated as sulfate by 
(1) incineration of 1 g. of the salt with ammonium nitrate, 
and (2) the precipitation method, with the following results: 
META-SALT 
Mean = 0.4550 
PARA-SALT 
1 g. of barium salt gave 0.456 g. Bas04 
1 g. of barium salt gave 0.457 g. BaSOr 
1 g. barium salt gave 0.456 g. Bas04 
1 g. barium salt gave 0.464 g. BaSOr 
Mean = 0.4565 
The theoretical weight of barium sulfate equivalent to 
1 g. of the barium salt of either m- or p-cresolmonosulfonic 
acid is 0.4563 g. It may therefore be assumed that only 
monosulfonic acids are obtained in the above method of 
sulfonation. 
The following additional comparative ratios may be 
calculated by successively taking as unity (1) the barium 
salt of the two isomeric monosulfonic acids, (2) the m-mono- 
:sulfonic acid salt, and (3) the p-monosulfonic acid salt. 
4-The ammonium salts have the widest difference in degree 
of solubility. 
%The range of solubility of the barium salts is also fairly 
wide, but not quite so marked, and in the reverse order to the 
ammonium salts. 
Thus a fairly complete separation of the aqueous solution 
of the m- and p-cresolmonosulfonic acids may be effected 
by the conversion of the mixed sulfonic acids into their 
ammonium salts and a fractional crystallization of the latter. 
For every 100 parts of the ammonium m-salt approximately 
177 parts of ammonium p-salt would be held in solution 
at  any particular concentration a t  20" C. 
The results from the fractional crystallization of the am- 
monium salts of the monosulfonic acids prepared in the above 
manner from a crude product with an analysis of 59.4 per 
cent m-cresol, 1.3 per cent hydrocarbons, and by difference 
39.3 per cent p-cresol, will illustrate the degree of separation 
by this method. 
Five hundred grams were sulfonated with 185 g. of 96 
per cent sulfuric acid a t  40" C. for 6 hrs. The sulfonation 
mass was poured into 750 cc. of water, and the extracted 
aqueous solution of the monosulfonic acids was converted, 
through the barium salts, into the ammonium salts. The 
final filtered mother liquor was evaporated to 1.190 sp. gr. 
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a t  60" C. which concentration yielded a reasonable amount 
of first crop crystals a t  20" C. 
The crystals were filtered, drained on the pump, and pressed 
between Glter paper in a small hand hydraulic press to re- 
move as much of the adhering mother liquor as possible. 
The crystal was decomposed by the addition of half its weight 
of concentrated sulfuric acid, heating the mixture in an oil 
bath to 80" C., when superheated steam a t  110" C .  was 
introduced. The temperature of the mass quickly reached 
130" C., with the simultaneous formation of a turbid solution 
and practically complete decomposition of the sulfonic 
acids. The liberated cresols could either be distilled over 
with steam or recovered a t  once by extraction. The de- 
composition of the salt was completed by increasing the tem- 
perature to 145" C. 
The mother liquor was further evaporated for a second 
crop and the crystal treated as above. The cresols from the 
final mother liquor were also recovered in a similar manner. 
The recovered nonsulfonated cresols amounted to 66.7 
per cent of the crude product and contained 44.8 per cent 
m-cresol and, by difference, 55.2 per cent p-cresol. A method 
for the separation of p-cresol from this material is described 
below. 
In the following summary the yieldrj are calculated on 
the assumption that the liquor from the pressing of the 
first crop of crystal would be recovered and added to the main 
mother liquor previous to evaporation for the second crop, 
and the liquor from the second crop added to the final resid- 
ual mother liquor. 
First Second Mother 
Crop Crop Liquor 
Sp gr. of liquor, 60' C.. . . . . . . . . 
vol. ol filtrate, I S o  C., cc.. . . . . . . 
Sp. gr. of filtrate a t  15' C.. . . . . . 
Weight of pressed crystal, grams. 
Weight of cresols, grams. . . . . . . . . 
Per cent m-cresol in product, . . . . 
. . . . . . , . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . . . . . . . . .  
1,190 
264 
1.175 
119 
50.6 
97.7 
1.205 
169 
1.190 
45 
22.5 
87.5 
. . . .  
5 4 . 8  
77.2 
The corresponding product obtained without previous 
removal of the adhering mother liquor by pressing had a 
m-cresol content of 92.4 per cent. 
Thus a product containing 97.7 per cent m-cresol may be 
obtained by the fractional crystallization of the ammonium 
salts of a mixture of the monosulfonic acids of m- and p- 
cresol prepared as above. 
PARA-CRESOL 
A comparatively pure p-cresol may be isolated from the 
crude 59 to 60 per cent m-cresol product in either one or 
two stages of preferential sulfonation, according to whether 
the separation is considered for p-cresol alone or includes 
the isolation of the two isomers simultaneously. 
In a one-stage sulfonation an 88 to 90 per cent p-cresol may 
readily be obtained by treating the crude 59.4 per cent 
m-cresol with its own weight of 96 per cent sulfuric acid a t  
40' C. for 6 hrs. and purification of the recovered nonsul- 
fonated cresols as described later. Under these conditions, 
however, the excessive amount of sulfuric acid requisite to 
give this high percentage para yields a correspondingly large 
amount of sulfonate with a percentage composition of approxi- 
mately 68 per cent m- and, by difference, 32 per cent p- 
cresol. This is a very unsatisfactory intermediate sulfonate. 
It is not immediately adaptable for the separation of a, pure 
m-cresol and would yield only an approximate 85 per cent 
meta product by the crystallization of the ammonium salts. 
Nor is the 68 per cent m-cresol a suitable final product if 
recovered, without further purification, from the sulfonate. 
It is preferable to consider the separation of p-cresol in 
conjunction with the method already described for pure m- 
cresol and to isolate the p-cresol in two stages of preferential 
sulfonation according to the following scheme : 
The first-stage sulfonation of the 59 to 60 per cent crude 
m-cresol gives two intermediate products: (a) an extract of 
nonsulfonated cresols which is the basis for the subsequent 
separation of a high percentage p-cresol, and ( b )  the first 
sulfonate with a percentage meta content of 78 to 80 per 
cent, suitable for immediate conversion into the ammonium 
salts and crystallization of the latter to yield a pure m-cresol. 
By the re-sulfonation of the nonsulfonated cresols (a) with the 
requisite quantity of concentrated sulfuric acid, two further 
products are obtained: (c) a second extract of nonsulfonated 
cresols with a high percentage para, equivalent in composition 
to the above one-stage sulfonation product, and yields on 
removal of the hydrocarbons, freezing and draining of the 
residual product, an 88 to 90 per cent p-cresol, and (d )  a 
second sulfonate with a percentage composition approxi- 
mately equivalent to the original crude meta-para product. 
The cresols from this second sulfonate, with the additional 
advantage of being free of hydrocarbons, may be returned 
to the crude 59 to 60 per cent meta product and used in a 
second cycle of operations.. 
The separation of the two isomers by this method is illus- 
trated by the following experiment. 
One hundred grams of the 59.4 per cent m-cresol product 
were sulfonated with 50 g. of 96 per cent sulfuric acid a t  40" 
C. for 6 hrs. The sulfonation mass was poured into 150 
cc. of water and the nonsulfonated cresols recovered in the 
usual manner. The extract (a) of 61.4 g. had the percentage 
composition of 40.4 per cent m-cresol, 2.1 per cent hydro- 
carbons and, by difference, 36.5 per cent p-cresol. 
Decomposition of the aqueous solution of the sulfonated 
cresols yielded 33.7 g. with an analysis of 78.5 per cent m-, 
and, by difference, 21.5 per cent p-cresol. Thus the first 
sulfonate (b )  has a similar composition to that obtained in 
the previous section and may be immediately converted 
into the ammonium salts of the sulfonic acids for a final 
separation of a 98 to 100 per cent m-cresol. 
The first extract (a) of nonsulfonated cresols has now to 
be re-sulfonated with such a quantity of acid as will give a 
second extract ( e )  of a high percentage p-cresol and a second 
sulfonate (d )  with a percentage composition equivalent to 
the original crude material. 
For .this purpose the 61.4 g. were sulfonated with their 
own weight of 96 per cent sulfuric acid under the usual 
conditions, and the nonsulfonated and sulfonated products 
recovered as hitherto. 
The second sulfonate (d)  yielded 46.4 g., with an analysis 
of 58.5 per cent m-cresol and, by difference, 41.5 per cent 
p-cresol. The yields of these products on the crude 59 to 
60 per cent m-cresol are approximately equivalent to 46 
and 47 per cent of the m- and p-cresol, respectively. The 
percentage composition of the second sulfonate is therefore 
almost identical with that of the original crude meta-para 
product. 
The second extract (c) of nonsulfonated cresols yielded 
13.1 g., consisting of 9.8 per cent m-cresol, 9.9 per cent hydro- 
carbons and, by difference, 80.3 per cent p-cresol. 
This product may be further purified by addition of an 
excess of caustic soda, removal of the hydrocarbons with 
steam, and recovery of the cresols from the sodium cresylate 
in the usual manner, By freezing and draining the residual 
crystalline product under vacuo, a product may finally be 
obtained with a m-cresol content of 6 to 7 per cent and a 
crystallization point of 22.7" C., equivalent to approximately 
89 per cent p-cresol. 
The p-cresol was estimated by the determination of the 
freezing point and the corresponding percentage was read 
from a previously prepared graph obtained by plotting the 
freezing point of known mixtures, with a maximum impurity 
